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Abstract 
Recent studies have highlighted the fact that some tasks used to study symbolic 
number representations are confounded by judgments about physical similarity. Here, 
we investigated whether the contribution of physical similarity and numerical 
representation differed in the often used symbolic same-different, numerical 
comparison, physical comparison, and priming tasks. Experiment 1 showed that 
subjective physical similarity was the best predictor of participants’ performance in 
the same-different task, regardless of simultaneous or sequential presentation. 
Furthermore, the contribution of subjective physical similarity was larger in a 
simultaneous presentation than in a sequential presentation. Experiment 2 showed that 
only numerical representation was involved in numerical comparison. Experiment 3 
showed that both subjective physical similarity and numerical representation 
contributed to participants’ physical comparison performance. Finally, only numerical 
representation contributed to participants’ performance in a priming task as revealed 
by Experiment 4. Taken together, the contribution of physical similarity and 
numerical representation depends on task demands. Performance primarily seems to 
rely on numerical properties in tasks which require explicit quantitative comparison 
judgments (physical or numerical), while physical stimulus properties exert an effect 
in the same-different task. 
 
Key words: physical similarity, numerical representation, same-different task, 
numerical comparison task, physical comparison task, priming task
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1 Introduction 
Humans primarily employ symbolic numbers, such as Arabic digits to convey 
numerical magnitudes. The processing of symbolic numbers has been studied by 
analyzing their magnitude relations. Important evidence comes from the finding that 
the numerical distance contributes to the reaction time of numerical processing. This 
finding is consistently observed in the same-different task (e.g., Dehaene & Akhavein, 
1995; Duncan & McFarland, 1980; Van Opstal & Verguts, 2011), in the numerical 
comparison task (e.g., Moyer& Landauer, 1967), in the Stroop-like physical 
comparison task (e.g., Ganor-Stern & Tzelgov, 2008), and in the priming task (e.g., 
Reynvoet, Brysbaert, & Fias, 2002). However, several recent studies have argued that 
the physical similarity between Arabic numbers, other than the numerical distance, 
contributes to the numerical processing in the same-different task (e.g., Cohen, 2009; 
Defever, Sasanguie, Vandewaetere, & Reynvoet, 2012; Garcia-Orza, Perea, Abu 
Mallouh, & Carreiras, 2012; Wong & Szűcs, 2013). In this study, we further 
investigated the contribution of numerical distance and physical similarity by 
extending the original experimental tasks to novel presentation conditions and to 
major tasks used in the field of numerical cognition.  
1.1 Background 
It is widely thought that humans possess an internal semantic representation of 
magnitude that corresponds with symbolic numbers in the external environment 
(Domahs et al., 2012; Lyons & Ansari, 2008; Verguts & Fias, 2004; Young & Opfer, 
2011; Zhang & Wang, 2005). Therefore, symbolic numbers naturally activate such 
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magnitude representations. In numerical cognition literature, a particularly well 
researched potential marker of such magnitude representations is the so-called 
numerical distance effect. This effect was originally observed in the comparison task 
(e.g., Moyer & Landauer, 1967). When subjects have to judge which of two 
magnitudes is numerically larger, close magnitudes (or numbers) are more difficult 
(slower and more error prone) to compare than distant magnitudes (e.g. comparing 1 
vs. 5 is faster and more accurate than comparing 1 vs. 2). Furthermore, Moyer and 
Landauer showed that the numerical distance effect was described by the Welford 
(1960) function (henceforth abbreviated as NW): RT = a + k * log [L/ (L-S)], where a 
and k are constants, L is the larger quantity and S is the smaller quantity. The distance 
effect in the comparison task has been repeated in several studies (e.g., Buckley & 
Gillman, 1974; Dehaene, 1989; Duncan & McFarland, 1980; Hinrichs, Yurko, & Hu, 
1981; Moyer & Landauer, 1973; Shepard et al., 1975).  
   The distance effect which is often described as the absolute distance between the 
larger number and the smaller number (henceforth abbreviated as ND) also appears in 
the same-different task (e.g., Dehaene & Akhavein, 1995; Duncan & McFarland, 
1980; Ganor-Stern & Tzelgov, 2008; Van Opstal & Verguts, 2011; Verguts & Van 
Opstal, 2005). In the task, subjects are required to judge whether two magnitudes are 
the “same” or “different”. Different responses are faster when the two numbers are 
numerically far apart rather than when they are close.  
   Even in the physical comparison task in which the numerical magnitude of numbers 
is irrelevant to the task requirement, ND can be found (e.g., Cohen Kadosh, Henik, & 
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Rubinsten, 2008; Kaufmann, et al., 2005; Szűcs & Soltesz, 2007, 2008; Tzelgov et al., 
1992; Zhou et al., 2008). In the physical comparison task, which is so-called 
numerical stroop task, participants have to decide which one of two simultaneously 
presented Arabic digits is larger than the other in physical size (Henik &Tzelgov, 
1982). The relationship of numerical and physical size features of the digits may be 
neutral, congruent, or incongruent. In the congruent condition the numerically larger 
digit is physically larger than the other digit (e.g., 2 and 7). In the incongruent 
condition the numerically larger digit is physically smaller than the other (e.g., 2 and 
7). In the neutral condition the digits do not differ on the task-irrelevant stimulus 
dimension (e.g., 2 and 7). Usually, performance is better in the congruent condition 
than in neutral and incongruent conditions, which suggests that the numerical 
magnitude of numbers is automatically represented. Although the numerical 
magnitudes of numbers are not intentionally processed, the distance effect can still be 
observed in this task (e.g., Cohen Kadosh, Henik, & Rubinsten, 2008; Kaufmann, et 
al., 2005; Szűcs & Soltesz, 2007, 2008; Tzelgov et al., 1992; Zhou et al., 2008), which 
confirms the activation of the numerical magnitude of numbers. 
   In addition, ND is also observed in priming studies (Notebaert, Pesenti, Reynvoet, 
2010; Perry & Lupker, 2012; Reynvoet, Brysbaert, & Fias, 2002; Reynvoet, De 
Smedt, Van den Bussche, 2009; Van Opstal, Gevers, De Moor, & Verguts, 2008). This 
effect is different from that shown in the above three tasks in that performances to 
target numbers are better when they are preceded by a numerically close prime than 
by a numerically far prime. For example, the digit “2” is named faster when it is 
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preceded by “3” than by “4” (Reynvoet, Brysbaert, & Fias, 2002).  
   To sum up, the distance effect consistently appears in all the above number tasks. 
This effect seems to be the primary factor controlling participants’ performance. 
However, in recent years several studies have identified an alternative perceptual 
factor to explain participants’ performance (e.g., Cohen, 2009; Cohen, Warren, & 
Goldhammer, 2013; Defever et al., 2012; Garcia-Orza et al., 2012; Wong & Szűcs, 
2013). In the seminal study by Cohen (2009), participants were presented with single 
Arabic number between 1 and 9 and asked to decide whether the number presented 
was 5 or not 5. Participants’ average RTs were regressed on the Welford function (NW) 
and on the physical similarity function (henceforth abbreviated as PC). The formula 
for PC was PC=O/D, where O is the number of lines that the two digits share (i.e. 
overlapping lines), and D is the number of unshared lines between the two digits (i.e. 
difference). The results showed that both predictors contributed to the regression, but, 
more importantly, when both functions were included as predictors, only PC was 
significant.  
   Garcia-Orza et al. (2012) also tested the contribution of physical similarity and 
numerical distance to participants’ performance in the 5-or-not-5 task. In their study, 
three groups of participants were chosen: Pakistani students, who were fluent only in 
the Persian version of Indian numbers; Jordanian students, who were fluent only in 
the Arabic version of Indian numbers; and Spanish students, who had no knowledge 
of either. In Experiment 1, Spanish and Pakistani participants completed a 5-or-not-5 
task with Persian–Indian numbers. The results showed that when NW and PC were 
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entered simultaneously in a multiple regression, PC was the only significant predictor. 
In Experiment 2, Spanish and Jordanian participants completed the 5-or-not- 5 task 
with Arabic–Indian numbers. Similarly, researchers found that PC was the only 
significant predictor of Jordanian students’ reaction time.  
Defever et al. (2012) investigated the development of magnitude representations 
in children aged 5 to 11 using a symbolic same–different task. The physical similarity 
was defined as subjective visual similarity (PS) which was a subjective rating for 
every possible combination of Arabic digit pairs using a seven point scale (Campbell 
& Clark, 1988). The numerical distance was described as the absolute distance 
between the larger number and the smaller number (ND). The researchers found a 
main effect of PS but no effect of ND in children. Similarly, Wong and Szűcs (2013) 
explored whether reaction time in the symbolic same-different task is primarily driven 
by objective or subjective perceptual similarity, or by the numerical difference 
between the two digits. The regression analyses showed that subjective PS was the 
best and only significant predictor of reaction time in children and adults.  
   Recently, Cohen, Warren, Blanc-Goldhammer (2013) have explored the role of 
physical similarity in the same-different and numerical comparison tasks with Arabic 
digits, written number words and auditory numbers words as stimuli. In Experiment 1, 
they assessed the relative influence of PC and NW in the same-different task. Two 
Arabic digits (digit–digit), two written number words (word–word), or an Arabic digit 
and a written number word (word–digit or digit–word) were presented one above the 
other. Results showed that in all conditions PC was the primary controlling variable. 
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Experiment 2 was similar to Experiment 1 except that the numerical comparison task 
was used. Results showed that NW was the primary controlling variable while PC was 
also a significant predictor in three of four conditions. In Experiments 3 and 4, two 
Arabic digits (digit–digit) or an auditory number word and an Arabic digit (auditory–
digit) were presented to subjects. Similarly, the PC was the primary controlling 
variable in the same-different task while NW was the primary controlling variable in 
the numerical comparison task. The authors claimed that they observed the cross-
format physical similarity effect. 
1.2 The present study 
   In this present study, we had several objectives. First, we sought to clarify whether 
objective or subjective physical similarity is the primary predictor of participants’ 
performance in the same-different task as up to this point there have been mixed 
results regarding this question. Three studies mentioned above showed that objective 
physical similarity was the primary predictor of participants’ performance (e.g., 
Cohen, 2009; Cohen, Warren, & Goldhammer, 2013; Garcia-Orza et al, 2012) while 
two studies (Defever et al, 2012; Wong & Szűcs, 2013) found that it is subjective 
physical similarity that best predicts participants’ performance in the same-different 
task. 
   Second, we sought to investigate the effect of task demands on the role of physical 
similarity in the processing of Arabic numbers. Typically, the same-different task has 
been used by previous studies which have demonstrated the important role of physical 
similarity in the processing of Arabic numbers (e.g., Cohen, 2009; Defever et al., 
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2012; Garcia-Orza et al., 2012; Wong & Szűcs, 2013). The 5-or-not-5 task is actually 
a special version of the same-different task where participants are required to judge 
whether the target number is the same with 5 or different from 5. The main problem 
with the same-different task is that this task can be completed simply by analyzing the 
surface perceptual structure of the presented numerical symbols when the two 
numbers were presented simultaneously. The important role of physical similarity 
may only be valid under specific tasks. It is unclear whether it can be generalized to 
other tasks, such as the numerical comparison task, the physical comparison task, and 
the priming task where the numerical distance effect can be usually observed. For the 
first time, we would test the contribution of physical similarity and numerical distance 
in physical comparison and priming tasks. In the study by Cohen et al. (2013), the role 
of physical similarity in the numerical comparison task has been explored; however, 
this study differed from it in two ways (Cohen et al, 2013). First, we would 
distinguish subjective from objective physical similarity. Second, we would examine 
the possible mechanism among the relationship of physical similarity, numerical 
distance and participants’ performance. In the study by Cohen et al. (2013), the 
physical similarity was found to be another significant predictor of participants’ 
performance in addition to the numerical distance in the numerical comparison task; 
however, it is not clear whether the effect of physical similarity on participants’ 
performance is mediated by the numerical distance. This question is examined in our 
study. 
The third aim of our study was to investigate the effect of presentation mode, 
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whether simultaneous or sequential, on the role of physical similarity in the 
processing of Arabic numbers. Some previous studies have revealed the important 
influence of presentation mode on two-digit number processing (Ganor-Stern, Pinhas, 
& Tzegov, 2009; Zhang & Wang, 2005; Zhou, Chen, Chen, & Dong, 2008). In the 
simultaneous presentation, there is evidence for parallel processing with the digits in 
both the units and decades decimal places. In contrast, in the sequential presentation, 
there is evidence for processing of mainly the decades place while no specific 
influence of the units place on task performance is observed. In this study, similarly to 
the study by Wong and Szűcs (2013), we would use the symbolic same-different task 
where participants were visually presented pairs of single-digit Arabic numbers and 
asked to judge whether they were the same or different. This task has an advantage 
over the frequently used 5-or-not-5 task in that it can include all possible 
combinations of Arabic numbers (Wong & Szűcs, 2013). However, for the first time 
we would test if the presentation mode in the same-different task influences the 
contribution of physical similarity in the processing of single-Arabic numbers. By 
doing so, we can test the general validity of the important role of physical similarity in 
the processing of Arabic numbers under different presentation conditions. 
Finally, this study also aimed to explore whether symbolic numbers were 
represented on a linear or a log scale under different task demands. When symbolic 
numbers are represented on a linear scale, the absolute distance between two numbers 
(ND) will predict participants’ performance; when symbolic numbers are represented 
on a log scale, the Welford function (NW) will predict participants’ performance. Most 
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of previous studies on symbolic number processing used absolute distance as a metric 
of the distance effect, even in the numerical comparison task where participants have 
been shown to rely more on logarithmic representations (Hinrichs, Yurko, & Hu, 1981; 
Moyer & Landauer, 1967). Using a neural simulation method, Verguts and Fias (2004) 
indicated that both linear and log scaling produced a good fit for symbolic stimuli. 
However, it is unclear whether the linear or log representation of symbolic number is 
dependent on task demands. In this study, therefore, we addressed whether linear or 
log scaling produced a better fit for symbolic stimuli under different task demands. 
We have conducted four experiments in order to address the above objectives. In 
Experiment 1, we examined whether objective or subjective physical similarity could 
best predict participants’ performance in the same-different task and whether the 
prediction was affected by the mode of presentation. In Experiments 2, 3, and 4 we 
examined the contribution of physical similarity (objective and subjective) and 
numerical distance in numerical comparison, physical comparison and priming tasks 
respectively.  
There were four hypotheses. First, we hypothesized that the subjective physical 
similarity would be the best predictor of participants’ performance in the same-
different task. This is based on the finding that the subjective physical similarity was 
the best and only significant predictor of reaction time in adults and children when the 
effect of both subjective and objective physical similarity on reaction time was 
assessed (Wong & Szűcs, 2013). Second, we hypothesized that the contribution of 
subjective physical similarity would be larger in a simultaneous presentation than in a 
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sequential presentation. In a sequential presentation where one number has to be kept 
in memory, the perceptual influence may be reduced. Zhang and Wang (2005) have 
argued that in a sequential presentation the comparison is between an external 
representation of the number currently presented and an internal representation in 
memory of the previously presented number. Such a situation requires a translation of 
the representations into a common form before the numbers can be compared. In line 
with the rationale proposed by Zhang and Wang (2005), in a sequential presentation, 
participants in our study would be expected to use a common internal magnitude 
representation to complete the same-different task. Third, based on the study by 
Cohen et al. (2013), we hypothesized that the important role of subjective physical 
similarity should not be valid in numerical comparison task. As for the contribution of 
physical similarity in physical comparison and priming tasks, we did not have clear 
hypotheses since no previous study has addressed this question. Finally, the log 
scaling of symbolic number should produce a better fit in the numerical comparison 
task as revealed by some studies (e.g., Hinrichs, Yurko, & Hu, 1981; Moyer & 
Landauer, 1967). Given no relevant studies, we did not have any clear hypothesis 
regarding the question that a linear or a log scale had a better fit in the other three 
tasks. 
2 Experiment 1: same-different task 
In Experiment 1, we assessed the relative influence of physical similarity and 
numerical distance in simultaneous and sequential same-different tasks. 
2.1 Methods 
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2.1.1 Participants 
Twenty undergraduates were recruited from Southwest University, China. Their 
ages ranged from 20 to 24 years (18 female, mean age = 21.9 years, SD = 1.1). All 
subjects were right handed and had normal or corrected-to-normal eyesight. They 
gave written informed consent before the experiment. After the experiment, each 
participant was paid RMB 15 yuan. 
2.1.2 Materials 
The simultaneous same-different task. The display shown in each trial consisted of 
a pair of single-digit Arabic numbers ranging from 1 to 9, one on the left and one on 
the right of the screen. Each possible combination of quantities was presented (except 
for equal quantities), resulting in 9 × 8 = 72 trials per block. In addition to 72 
“different” trials, nine “same” trials were also included which were presented 4 times 
per block, leading to 36 same and 72 different trials. Three blocks of these 108 
experimental trials were presented. The digits were presented in Arial font (13 × 20 
mm) using a 19-inch color screen connected to a computer. The left number was 
presented 4.59 cm to the left of the center of the screen, while the right number was 
presented 4.59 cm to the right of the center of the screen.  
The sequential same-different task. The materials were the same as those in the 
simultaneous same-different task except that the two digits in each trial were 
presented sequentially. 
Subjective visual similarity questionnaire. Participants were given a questionnaire 
in which they rated the subjective visual similarity of all possible 72 pairs of single-
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digit Arabic numbers. The Arabic numbers were in Arial size 20 font. Participants 
were also provided with an instruction sheet to help them understand the 10-point 
rating scale. 
2.1.3 Procedure 
   Participants completed all tasks individually in a sound attenuated small room while 
facing a computer screen from a distance of approximately 60 cm. There were two 
sessions in the experiment. All participants finished the computer-based task first, and 
then the questionnaire. 
   The two variations of the same-different task were computer-based, controlled by E-
prime 1.1. All participants finished both simultaneous and sequential same-different 
tasks. The order of presentation mode, whether simultaneous or sequential, was 
balanced. Some participants completed the simultaneous same-different task first 
while others were first to complete the sequential same-different task.. 
In the simultaneous same-different task, a fixation cross was first presented for 
600 ms and then followed by two numbers. The numbers remained on the screen until 
a button was pressed. The intertrial interval was 800 ms. The subjects were asked to 
decide as quickly and as accurately as possible whether the two numbers 
simultaneously presented were the same or different. They were to press the “F” key 
if the same and the “J” key if different. All the stimuli were randomly presented. Prior 
to each task, verbal instructions were presented on the screen and there were 16 
practice trials before the actual trials. An accuracy feedback was given to subjects. If 
their accuracy was more than 80%, subjects entered the formal trials. In each task, 
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after each block, the subjects were allowed to take a break, which they could end at 
their own pace. This task took approximately 15 min. In the sequential same-different 
task, the first number appeared for 800 ms after a fixation cross was presented for 600 
ms. After a blank screen for 200 ms, the second number appeared on the screen until a 
button was pressed. Both numbers were presented centrally. The intertrial interval 
was 800 ms. 
   Finally, participants were presented with the subjective visual similarity 
questionnaire. They were instructed to judge the visual similarity of pairs of Arabic 
numbers using a 10-point scale, from 1 (extremely different) to 10 (totally identical). 
Participants were told that these judgments were subjective and there were no fixed 
right or wrong answers. An example of a rating was offered so that participants could 
understand the instructions well. 
2.1.4 Data analyses 
   For the same-different task, only the 216 “different” trials were analyzed. For 
reaction time analyses, incorrect trials were removed (2.2% for the simultaneous 
presentation and 1.6% for the sequential presentation). Then mean RTs for correct 
responses were computed, excluding those responses that deviated three or more 
standard deviations from the mean (1.8% for the simultaneous or sequential 
presentation).  
   Two perceptual functions and two numerical functions were employed and 
calculated: PC, PS, NW, ND. The first perceptual function was PC. This is Cohen’s (2009) 
original function, PC=O/D, where O is the number of lines that the two digits share 
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(i.e. over lapping lines) and D is the number of difference lines between these two 
numbers. PS is a subjective measure in which each participant rated the perceived 
visual similarity of every pair of numbers. NW is the Welford function used by Cohen 
(2009) and Garcia-Orza et al. (2012) (NW = lg (L/L-S), where S is the smaller number 
and L is the larger number). ND was based on the distance effect, and the formula was 
ND = L-S.    
   To find out which function(s) would predict reaction time or accuracy, we 
conducted simple regressions for each task. Each linear regression had one dependent 
variable (reaction time or accuracy) and one predictor variable (PC, PS, NW, or ND). If 
the reaction time or accuracy could be predicted by more than one predictor, 
simultaneous multiple linear regression was used to test the relative contribution 
of each predictor. 
2.2 Results  
   For the simultaneous same-different task, as seen in Table 1, PS predicted both the 
reaction time and accuracy data. In order to determine the importance of individual 
predictors, simultaneous multiple linear regression on the reaction time was 
conducted with two predictor variables (PC and PS). The overall model was significant, 
F (2, 69) =37.981, p < .001, R2 = .524. PS was still a significant individual predictor (β 
= 0.612, p <.001). However, PC was no longer a significant predictor (β = .179, p 
= .073). In addition, the variance inflation factor (VIF), a measure of potentially 
remaining multi-collinearity problems (Cohen, 2003) was smaller than 5 for each 
predictor (VIFs < 1.405). Typically, VIF values larger than 5 or 10 are considered to 
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indicate multi-collinearity problems. Therefore, no multi-collinearity problem existed 
in this regression. Fig. 1 provides a plot of the average reaction time and predicted 
reaction time based on PC, PS, NW, ND in the simultaneous same-different task. 
------------------------------------------------- 
   Tables 1 about here 
-------------------------------------------------- 
Based on the above results, we hypothesized that the relationship between PC and 
the reaction time may be mediated by PS. To further understand the mechanisms 
underlying relationships among PS, PC and the reaction time, we used the INDIRECT 
procedure for SPSS (see Preacher & Hayes, 2008, for more details) to test our 
mediation hypothesis. As shown in Fig. 2, the mediation model was estimated to 
derive the total, direct and indirect effects of PC on the reaction time through PS. We 
estimated the indirect effect of PC on the reaction time quantified as the product of the 
OLS regression coefficient estimating PS from PC (i.e., path a in Fig. 2), and the OLS 
regression coefficient estimating the reaction time from PS, controlling for PC (i.e., 
path b in Fig. 2). A bias-corrected bootstrap-confidence interval (CI) for the product 
of these paths that does not include zero provides evidence of a significant indirect 
effect (Preacher & Hayes, 2008). Using the INDIRECT procedure with 5000 
bootstrap samples revealed a significant positive indirect effect of PC on the reaction 
time through PS (point estimate=0.328, p < .001, 95% percentile, CI = 0.183 to 0.529).  
------------------------------------------------- 
   Figures 2, 3 about here 
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-------------------------------------------------- 
For the sequential same-different task, as seen in Table 2, only PS predicted the 
reaction time. Fig. 3 provides a plot of the average reaction time and predicted 
reaction time based on PC, PS, NW, ND in the sequential same-different task. 
Furthermore, we compared the regression coefficients of PS on the reaction time 
under simultaneous and sequential presentations. To do this analysis, we first made a 
dummy variable called “presentation” that was coded 1 for simultaneous presentation 
and 0 for sequential presentation. In addition, a variable “presPS” was computed as 
the product of presentation and PS. Finally, we used PS, presentation and presPS as 
predictors in the regression equation. If the variable presPS can significantly predict 
the reaction time, it indicates that the regression coefficient for sequential presentation 
is significantly different from that for simultaneous presentation. Results showed that 
the reaction time was significantly predicted (R2 = .75). All the three predictors had 
significant prediction on the reaction time (ps < .05). More importantly, the prediction 
of “presPS” on the reaction time was significant (β = 0.513, t = 4.094, p < .001), 
indicating that the regression coefficient for simultaneous presentation was 
significantly larger than that for sequential presentation.   
2.3. Discussion 
As we hypothesized, the subjective physical similarity was the best predictor of 
participants’ performance in the same-different task, regardless of simultaneous or 
sequential presentation. Although in the simultaneous presentation the objective 
physical similarity could directly predict the reaction time data, it turned out that the 
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prediction was mainly mediated by the subjective physical similarity. This finding is 
consistent with two previous studies (Defever et al, 2012; Wong & Szűcs, 2013), 
revealing the importance of subjective visual similarity in the symbolic same-different 
task. This is the first time the subjective physical similarity has been demonstrated to 
be the primary controlling variable in the sequential same-different task. 
In addition, this experiment for the first time showed that the regression 
coefficient for simultaneous presentation was significantly larger than that for 
sequential presentation. This finding supports our hypothesis that the contribution of 
subjective physical similarity was larger in a simultaneous presentation than in a 
sequential presentation. We discuss the findings of Experiment 1 in more detail in the 
General Discussion. In Experiment 2, we conduct a traditional magnitude comparison 
task to further explore the role of subjective physical similarity in a numerical 
comparison task. 
3 Experiment 2: numerical comparison task 
Experiment 2 was designed to expand on the findings of the same-different task in 
Experiment 1. Here, we conducted a numerical comparison experiment using the 
same parameters as the simultaneous same-different task in Experiment 1. Cohen et al. 
(2013) found that the numerical distance was the primary controlling factor in 
American participants’ numerical comparison. However, the objective physical 
similarity was also revealed to be a significant predictor of participants’ comparison 
performance. This experiment would test their results with Chinese participants. 
3.1 Methods 
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3.1.1 Participants 
Forty undergraduates were recruited from Southwest University, China. Their 
ages ranged from 18 to 24 years (mean age = 21.8 years, SD = 1.6). All subjects were 
of right handedness and had normal or corrected to normal eyesight. They gave 
written informed consent before the experiment. After the experiment, each 
participant was paid RMB 15 yuan. These participants did not participate in 
Experiment 1. 
3.1.2 Materials 
The stimuli in the numerical comparison task were the same as those in the 
“different” trials of the same-different task. There were three blocks with each block 
72 trials.  
2.1.3 Procedure 
   The procedure was highly similar as that in Experiment 1. Only the instructions 
differed. The subjects had to decide which number was numerically bigger and 
consequently press the corresponding button (“F” if the left number was larger and “J” 
if the right number was larger). This task also took approximately 15 min. All 
participants completed the subjective visual similarity questionnaire.  
2.2 Results 
   Similarly to Experiment 1, three participants were excluded because their responses 
in the questionnaire were systematically biased (all responses were the same). For RT 
analyses, incorrect trials were removed (2.6%). The mean RTs for correct responses 
were computed, excluding those responses that deviated three or more standard 
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deviations from the mean for each task (1.8%).  
   As seen in Table 3, two functions including NW and ND significantly predicted the 
reaction time and accuracy. In addition, Ps predicted the reaction time data. Similarly, 
in order to determine the importance of individual predictors, simultaneous multiple 
linear regressions were used with three predictors (NW, ND and Ps). For the reaction 
time data, the overall model was significant, F (3, 68) = 60.391, p < .001, R2= .727. 
Only NW was significant as an individual predictor (β = 0.712, p <.001). ND and Ps 
showed negligible β values (β ≤ .03, p ≥ .128). For the accuracy data, the overall 
model was significant, F (2, 69) = 40.472, p < .001, R2= .540. Only NW was a 
significant individual predictor (β = -.761, p <.001). ND and PS showed negligible β 
values (β = -.034, p = .796). In addition, in both reaction times and accuracy analyses, 
the VIF was smaller than 5 for each predictor (VIFs < 2.836), indicating no multi-
collinearity problem. Fig. 4 provides a plot of the average reaction time and predicted 
reaction time based on PC, PS, NW, ND in the numerical comparison task.  
------------------------------------------------- 
   Table 2 about here 
-------------------------------------------------- 
These results allow us to propose the possible mediator effect of NW between PS 
and the reaction time (Fig. 5). To further understand the mechanisms underlying 
relationships among PS, NW and the reaction time, we used the INDIRECT procedure 
within SPSS to test our mediation hypothesis. Using the INDIRECT procedure with 
5000 bootstrap samples revealed a significant positive indirect effect of PS on the 
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reaction time through NW (point estimate=0.285, p =.003, 95% percentile, CI=0.099 
to 0.471). In addition, as seen in Fig. 5, the direct effect of PS on the reaction time was 
not significant (p =.745). 
------------------------------------------------- 
   Figures 4, 5 about here 
-------------------------------------------------- 
3.3. Discussion 
This experiment showed that NW was the best predictor for numerical comparison 
ability, similarly to the study by Cohen et al. (2013). However, our results are 
different from those in two ways. First, it is subjective, not objective, physical 
similarity which predicts the reaction time in the numerical comparison task. Second, 
we analyzed the possible mediator effect of numerical distance in the prediction of 
subjective physical similarity, which is not done in the study by Cohen et al. (2013). 
Results showed that the influence of subjective physical similarity was mediated by 
numerical distance. This finding indicates that neither objective nor subjective 
physical similarity was activated in the numerical comparison task.  
In Experiment 3, we expand our findings to the physical comparison task. The 
task explicitly required participants to compare physical magnitudes. We aimed to 
explore the contribution of numerical distance and physical similarity in participants’ 
physical comparison. 
4 Experiment 3: physical comparison task 
Experiment 3 was designed to expand on the findings of Experiments 1 and 2 
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using the physical comparison task. This is the first study to explore the influence of 
numerical distance and physical similarity on physical magnitude comparison.  
4.1 Methods 
4.1.1 Participants 
Twenty undergraduates were recruited from Southwest University, China. Their 
ages ranged from 18 to 25 years (mean age = 21.5 years, SD = 1.5). All subjects were 
of right handedness and had normal or corrected-to-normal eyesight. They gave 
written informed consent before the experiment. After the experiment, each 
participant was paid RMB 15 yuan. These participants did not participate in 
Experiments 1 and 2. 
4.1.2 Materials 
The numbers presented were in one of two physical sizes: large (15 × 23 mm) and 
small (13 × 20 mm). There were six blocks with per block 72 trials. In each block, 
half of the trials were in the congruent condition (with the numerically larger number 
appearing in a physically larger size) while the other half were in the incongruent 
condition (with the numerically larger number appearing in a physically smaller size). 
In each block, the physically larger numbers appeared on the left side in half trials and 
appeared on the right side in half trials.  
4.1.3 Procedure 
   The procedure was similar to that in Experiment 2 except for the instructions. In the 
physical comparison task, the subjects were asked to decide as quickly and as 
accurately as possible which number was physically bigger (“F” if the left number 
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physically larger and “J” if the right number physically larger). This task also took 
approximately 15 min. Then all participants finished the subjective visual similarity 
questionnaire.  
4.2 Results 
   Similarly to Experiment 1, four participants were excluded because of their low 
accuracy in the incongruent condition (less than 10%). For the reaction time analyses, 
incorrect trials were removed (9.2%). The mean RTs for correct responses were 
computed, excluding those responses that deviated three or more standard deviations 
from the mean for each condition (1.9%).  
   As seen in Table 4, no function predicted the reaction time data. Three functions 
including PS, NW and ND significantly predicted accuracy. Simultaneous multiple 
linear regression on accuracy with three predictor variables (PS, NW and ND) showed 
that PS was still a significant predictor (β = 0.267, p =.029). In contrast, ND or NW 
could no longer predict the accuracy (ps >.128). In addition, the VIF was smaller than 
5 for each predictor (VIFs < 2.798), indicating no multi-collinearity problem in this 
regression. However, when simultaneous multiple linear regression on accuracy with 
two predictor variables (PS and ND), both PS and ND were significant predictors (β 
= .267, p =.023; β = -.272, p = .021). In contrast, when simultaneous multiple linear 
regression on accuracy with two predictor variables (PS and NW), PS was a significant 
predictor (β = .272, p =.027) but NW was not (β = .212, p =.084). Fig. 6 provides a 
plot of the average reaction time and predicted reaction time based on PC, PS, NW, ND 
in the physical comparison task. 
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------------------------------------------------- 
   Table 3 about here 
-------------------------------------------------- 
The RT and accuracy was also subjected to ANOVAs with congruity as the 
between-subject factor. The reaction time results indicated that the main effect of 
congruity was significant, F (1, 15) = 95.450, ƞ2 = .864, Cohen’s d = 5.828, p 
< .001,with the incongruent condition (499 ms) slower than the congruent condition 
(441 ms). The accuracy results additionally revealed a significant congruity main 
effect, F (1, 15) = 36.019, ƞ2 = .706, Cohen’s d = 1.983, p = .002, with greater 
accuracy (99%) in the congruent condition than in the incongruent condition (94%). 
All these results showed that the numerical magnitude was automatically represented 
in the physical comparison task.  
4.3. Discussion 
This experiment showed that PS was a predictor of participants’ physical 
comparison abilities. However, data also showed that ND was another predictor of 
participants’ physical comparison. This is based on the finding that ND was a 
significant predictor not only in simple regression but also in simultaneous multiple 
regression with two predictor variables (PS and ND). Consistently, our data revealed 
that the numerical magnitude was automatically represented in the physical 
comparison task since participants performed better in the congruent condition than in 
the incongruent condition. Taken together, both subjective physical similarity and 
numerical magnitude contributed to the physical comparison task. In Experiment 4, 
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we expand our findings to the priming task. 
5 Experiment 4: priming task 
Experiment 4 was designed to expand on the findings of Experiments 1, 2, and 3 
using the priming task. This is also the first study to explore the influence of 
numerical distance and physical similarity with the priming task.  
5.1 Methods 
5.1.1 Participants 
Twenty undergraduates were recruited from Southwest University, China. Their 
ages ranged from 19 to 26 years (mean age = 21.3 years, SD = 1.7). All subjects were 
of right handedness and had normal or corrected to normal eyesight. They gave 
written informed consent before the experiment. After the experiment, each 
participant was paid RMB 15 yuan. These participants did not participate in 
Experiments 1, 2 or 3. 
5.1.2 Materials 
In this task, the prime and target stimuli consisted of Arabic numbers 1-9, 
excluding 5. As a result, there were 8 prime × 7 target = 56 possible prime-target 
combinations from distance 1 (e.g. prime 2- target 1) to distance 3 (e.g., prime 6 - 
target 9). Among these trials, 24 were of the congruent type (prime and target both 
falling on the same side of 5) and 32 trials were incongruent. Six blocks of 
experimental trials were presented containing 24 congruent and 32 incongruent trials. 
In congruent trials, the prime and target evoked the same response (for instance, 
prime 2 followed by target 4: both smaller than 5) while in incongruent trials, the 
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prime and target evoked different responses (e.g., prime 2- target 6; the first is 
“smaller than five”, the second “larger than five”). 
5.1.3 Procedure 
   In the priming task, each trial began with a forward mask which appeared in the 
middle of screen for 57 ms. This mask consisted of six hash signs (#) of the same size 
and font as the Arabic targets. Then the prime was presented for 57 ms, followed by a 
backward mask for another 57 ms. The backward mask was the same as the forward 
mask. Finally, the target was presented and remained on the screen until the 
participant responded. The font of the primes (8 mm wide × 10 mm high) was smaller 
than that of the targets (10 mm wide × 15 mm high). By doing so, it could reduce the 
physical overlap between prime and target (Reynvoet, Brysbaert, & Fias, 2002). All 
stimuli were presented in black on a white background and were centered on the 
screen. All stimuli were presented in Arial Unicode MS font. Participants were asked 
to decide as quickly and as accurately as possible whether the number on the screen 
was smaller or larger than five by pressing the “F” key if the number was smaller than 
five and the “J” key if the number was larger than five. This task also took 
approximately 15 min. 
5.2 Results 
   One participant was excluded for his low accuracy (less than 80%). For reaction 
time analyses, incorrect trials were removed (3.4%). In addition, scores more than 
three standard deviations from the mean were excluded as outliers (1.8 %). 
------------------------------------------------- 
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   Table 4 about here 
-------------------------------------------------- 
   As seen in Table 4, NW and ND significantly predicted the reaction time 
demonstrating a classical priming distance effect with better performance in close 
distance pairs than in far distance pairs. Simultaneous multiple linear regression on 
accuracy with two predictor variables (NW and ND) showed that the overall model was 
significant, F (2, 53) =3.705, p = .031, R2 = .123. The VIF (2.520) was smaller than 5 
for each predictor, indicating no multi-collinearity problem in this regression. 
However, ND was no longer a significant predictor, β = -.005, p = .980, and the 
prediction of NW was also not significant, β = -.354, p =.089. These results suggested 
that both predictors accounted for the same variance (i.e., redundancy), making it 
impossible to assess which was the important factor (see Field, 2005, p. 175; Meert et 
al., 2009). Fig. 7 provides a plot of the average reaction time and predicted reaction 
time based on PC, PS, NW, ND in the priming task.  
In addition, in order to confirm whether the classic priming effect appeared, the 
reaction time and accuracy was subjected to ANOVAs with congruity as the within-
subject factor. Results showed a significant behavioral priming effect, F (1, 18) = 
44.066, ƞ2 = .710, Cohen’s d = 0.453, p < .001, the incongruent condition (495ms) 
was slower than the congruent condition (474 ms). The accuracy results did not reveal 
a significant congruity main effect (p = .328). 
5.3. Discussion 
This experiment showed that both NW and ND were controlling factors when 
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participants performed the priming task. Neither objective nor subjective physical 
similarity had influence on participants’ performance in the priming task.  
6 General Discussion 
The data from Experiments 1–4 provides some insight into how Arabic numbers 
are processed in different tasks. Specifically, participants make their judgments based 
on perceptual or semantic magnitude information. If physical similarity contributes to 
participants’ performance in a task, it suggests that participants carry out the task 
based on perceptual information. If numerical distance contributes to participants’ 
performance in a task, it suggests participants carry out the task based on semantic 
magnitude information. Based on such logical reasoning, this study has four important 
findings. First, perceptual information was involved in the same-different task; 
however, it is the subjective, but not objective, physical similarity that contributed to 
the same-different judgment. Second, whether perceptual information was involved 
depends on task demands. In the same-different task, only perceptual information was 
involved. In the physical comparison task, both perceptual and semantic magnitude 
information was involved since both subjective physical similarity and numerical 
distance contributed to participants’ performance. However, in numerical comparison 
and priming tasks, only semantic magnitude information was involved since only 
numerical distance contributed to participants’ performance. Third, this study 
observed that the presentation mode in the same-different task had influence on the 
contribution of physical similarity in the processing of single-Arabic numbers. 
Specifically, the contribution of subjective physical similarity was larger in a 
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simultaneous presentation than in a sequential presentation. Fourth, the semantic 
magnitude representation of symbolic numbers depended on task demands. 
Participants tended to use log representations in numerical comparison and linear 
representations in the physical comparison task. In the priming task, participants did 
not show an obvious tendency to mainly rely on log or linear representations. Below 
we discuss underlying reasons for these results and important implications of these 
results. 
This study indicates that subjective, but not objective, physical similarity 
contributes to same-different judgments. It seems that the objective visual similarity 
proposed by Cohen (2009) does not best describe the perceptual structures of digits. 
As revealed by mediator analyses in our study, the contribution of objective visual 
similarity in the same-different task found by Cohen (2009) might be mediated by 
subjective physical similarity. 
What could be driving subjective visual similarity to influence in this way? It is 
likely that participants made judgments based on vague and gist perceptions rather 
than accurate and verbatim perceptions (Reyna, & Brainerd, 1995). For example, 
curves and straight lines that form acute angles might drive subjective visual 
similarity (Wong, & Szűcs, 2013). Indeed, we verified this assumption in a 
preliminary way in our study. We defined those number pairs with curves as the 
having the highest similarity, including 30 pairs constructed by 2, 3, 5, 6, 8, and 9. 
Those number pairs with straight lines were defined as the moderate similarity, 
including12 pairs constructed by 1, 4, 7, and 9 as well as 8 pairs consisted of 2-4, 4-2, 
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2-7, 7-2, 5-7, 7-5, 4-5, 5-4. Both numbers in each pair have vertical lines or transverse 
lines. The left 22 pairs were defined as the lowest similarity. A simple regression 
analysis on the subjective physical similarity with the defined similarity as a predictor 
showed that our defined similarity could explain 41% -54% variance of the subjective 
physical similarity. In Experiment 1, R2 = .502, β = .713, p <.001; in Experiment 2, R2 
= .537, β = .737, p <.001; in Experiments 3 and 4, R2 = .410, β = 0.647, p <.001. In 
contrast, the objective physical similarity defined by Cohen (2009) could only explain 
28.3% variance of the subjective physical similarity, R2 = .283, β = 0.537, p <.001. 
Future research is needed to more accurately describe the source of subjective visual 
similarity. 
The second important finding is that the contribution of physical similarity 
depends on task demands. One possible explanation framework for this finding is 
Dehaene’s (1992) Triple Code Model. Dehaene (1992) suggested that three mental 
representations of number: an auditory verbal representation, a visual Arabic 
representation, and an analog magnitude representation. In the course of number 
processing, numbers may be transcoded from one internal representation to the other. 
In numerical comparison, physical comparison and priming tasks, Arabic numbers are 
internally transcoded to the analog magnitude representation; however, in the same-
different task, such transcoding does not occur. 
Specifically, the transcoding from visual Arabic numbers to analog magnitude 
occurs since all the three tasks including numerical comparison, physical comparison 
and priming tasks explicitly require a quantitative comparison process (bigger or 
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smaller). Numerical comparison and priming tasks explicitly require a comparison 
process of numerical magnitude whereas the physical comparison task explicitly 
entails a comparison process of physical size. It is likely that as long as a comparison 
process is required, regardless of numerical or physical, the numerical magnitude will 
be represented intentionally or automatically. The comparison process entails 
constructing a continuous mental number line and then retrieving analog values for 
each compared digit (Moyer & Landauer, 1967). However, the same-different task 
only entails a qualitative identification and classification process (is or not). In the 
task, it is unnecessary for participants to construct a continuous mental number line 
and retrieve analog values for each digit. The participants simply need to classify the 
surface structures of the presented digits into “same” or the “different” categories. 
Therefore, the transcoding from visual Arabic numbers to analogical magnitude is not 
necessary and does not occur. 
It should be noted that in addition to numerical distance, subjective physical 
similarity also contributed to participants’ physical comparison. This finding is easy 
to understand since this task explicitly requires participants to compare physical size. 
If a physical same-different task is administered to participants, it is likely that the 
subjective physical similarity will contribute to participants’ performance. However, 
since the comparison process is not entailed in such a task, the numerical distance will 
not contribute to participants’ comparison. Indeed, using the physical same-different 
task, Ganor-Stern and Tzelgov (2008) did not observe the numerical distance effect, 
regardless of that the numbers were presented in the Arabic or Indian or mixed 
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notation. Future research is needed to test whether the subjective physical similarity 
will contribute to participants’ performance in the physical same-different task. 
The third important finding is that the contribution of subjective physical 
similarity was larger in a simultaneous presentation than in a sequential presentation. 
This finding is consistent with our hypothesis. One possible reason is the relative 
speed account of physical size and number processing (MacLeod, 1991; Schwarz & 
Ischebeck, 2003). Specifically, in the simultaneous same-different task, the time 
course of semantic information is slower than that of perceptual information. 
Therefore, participants give their responses on the basis of perceptual similarity rather 
than semantics for the simultaneous presentation. In contrast, the sequential 
representation would afford a greater opportunity to accessing semantic information 
and hence to rely less on visual information since one number is not presented 
visually at the comparison stage. Such an explanation is consistent with the study by 
Frick (1985) in which it was found that more visual letter confusion errors occurred 
for a simultaneous presentation but not for a sequential presentation. The author 
concluded that the sequential presentation is not very successful in eliciting use of a 
visual short-term store as compared with the simultaneous presentation.  
Finally, this study showed that whether symbolic numbers were represented on a 
linear scale or a log scale depends on task demands. Log representations were mainly 
relied on in the numerical comparison task and linear representations in the physical 
comparison task. The possible reasons for these findings are from two aspects. On the 
one hand, as compared to linear representations, log representations can maintain 
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ordinal properties of numbers (Laski & Siegler, 2007). On a log scale, estimates 
exaggerate differences in the magnitudes of smaller numbers and compress 
differences in the magnitudes of larger ones. In contrast, on a linear scale, estimates 
neither exaggerate nor compress differences among numbers (Siegler & Booth, 2004). 
Therefore, logarithmic representations are ideal for representing situations in which 
differences at the low end of the range are paramount, whereas linear representations 
are ideal when all parts of the range are equally important (Siegler & Opfer, 2003). 
The order of numbers is such an example that logarithmic representations should be 
suitable since those numbers which temporally come earlier in the verbal counting 
series are more frequently used and paramount.  
On the other hand, it has been suggested that not only the magnitude information 
but also the numerical order information is involved in the numerical comparison task 
(Turconi, Campbell, & Seron, 2006). The numerical distance effect was found to be 
smaller for ascending (e.g. 2 vs. 5) compared to descending pairs (e.g. 5 vs. 2). In this 
study, we compared the performance for ascending and descending pairs in the 
numerical comparison task. The results showed that the reaction time for ascending 
pairs (425 ms) was faster than for descending pairs (438 ms), F = 4.410, p = .039, 
suggesting the involvement of direction-related order information in magnitude 
comparison. As such, people tend to use logarithmic representations on numerical 
magnitude comparison tasks. In the physical comparison task, it is likely that only 
magnitude information of numbers is unintentionally processed based on the 
numerical magnitude of numbers being irrelevant to the task requirement. Therefore, 
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linear representations were mainly relied on in the physical comparison task. 
Different from numerical and physical comparison tasks, the priming task 
produced the reversed distance effect (ND positively predicted the reaction time). A 
reverse distance effect has been typically observed in order judgment tasks which 
require participants to judge whether two or three numbers are in the correct order 
(Franklin & Jonides, 2009; Turconi, Campbell, & Seron, 2006). Therefore, as done in 
the order task, it is likely that a serial scanning occurred in the priming task (faster 
response for adjacent than non-adjacent pairs in the sequence) leading to a reverse 
distance effect (Franklin & Jonides, 2009). For the finding that participants did not 
show an obvious tendency to primarily rely on log or linear representations in the 
priming task, it may be due to the statistical limit of the high correlation between ND 
and NW leading to the redundancy effect. However, when we compared participant’s 
performance between ascending and descending pairs, no significant differences were 
found in the priming task (ps > .426) suggesting that participants possibly did not 
process the direction-related order information. It should be noted that our results 
were limited to the current priming paradigm. 
The results of the present investigation have important implications for 
researchers who use these tasks to study individual and group differences. Specifically, 
using an unreliable measure makes it more difficult to detect group differences in 
numerical representations. For example, the same-different task, regardless of 
sequential or simultaneous presentation, is not an adequate measure to study the 
development of magnitude representations since the judgments are based on the 
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physical similarity of digits. However, such a conclusion is limited to the case when 
both stimuli are Arabic numbers. It has been found that when the same-different task 
involves mixed notations (e.g., Arabic and verbal number notations; symbolic Arabic 
and non-symbolic arrays of dots), the numerical representation can be accessed 
(Defever, Sasanguie, Vandewaetere, Reynvoet, 2012; Van Opstal & Verguts, 2011).  
The other three tasks excluding the same-different task (numerical comparison, 
physical comparison and priming tasks) do seem to elicit the numerical distance effect.  
It has been disputed whether the numerical comparison task is a reliable metric of 
numerical representation. Van Opstal et al. (2008) demonstrated that while a 
comparison distance effect can be found for both letters and numbers, a priming 
distance effect is only observed for numbers but not for letters. They concluded that 
the comparison distance effect is due to a comparison process being involved but not 
due to the numerical representation being accessed. However, this conclusion should 
be considered cautiously as it is likely that order processing drives the comparison 
distance effect for numbers and letters, since both numbers and letters entail order 
information. Such a possibility is not considered in their study.  
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Table 1  
Results of linear regressions for the same-different task in Experiment1. 
 
  The reaction times analyses  Accuracy analyses 
  R2 β F p  R2 β F p 
Simultaneous 
Presentation 
PS .501 .708 70.319 .000**  .215 -.463 19.126 .000** 
PC .258 .508 24.303 .000**  .041 -.203 3.000 .088 
NW .020 .140 1.399 .241  .024 -.156 1.750 .190 
ND .009 -.095 .636 .428  .001 .038 .102 .751 
Sequential 
Presentation 
PS .062 .250 4.647 .035*  .005 -.071 .358 .552 
PC .046 .214 3.353 .071  .001 -.027 .053 .819 
NW .014 .118 0.986 .324  .007 .081 .460 .500 
ND .004 -.060 .256 .614  .015 -.123 1.080 .302 
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Table 2 
Results of linear regressions for the numerical comparison task in Experiment 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The reaction times analyses  Accuracy analyses 
 R2 β F p  R2 β F p 
PS .094 .307 7.280 .009**  .004 -.064 .284 .596 
PC .043 .208 3.169 .079  .000 -.019 .026 .872 
NW .717 .847 177.453 .000**  .539 -.734 81.969 .000** 
ND .526 -.726 77.835 .000**  .319 .565 32.808 .000** 
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Table 3 
Results of linear regressions for the physical comparison task in Experiment 3. 
 
 The reaction times analyses  Accuracy analyses 
 R2 β F p  R2 β F p 
PS .017 -.131 1.218 .273  .129 .359 10.366 .002* 
PC .001 -.027 .053 .819  .023 .152 1.659 .202 
NW .000 .012 .010 .921  .105 .323 8.181 .006* 
ND .026 .160 1.836 .180  .131 -.362 10.587 .002** 
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Table 4  
Results of linear regressions for the priming task in Experiment 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The reaction times analyses  Accuracy analyses 
 R2 β F p  R2 β F p 
PS .061 -.247 3.511 .066  .003 -.054 .157 .693 
PC .008 -.090 .437 .512  .009 .094 .483 .490 
NW .123 -.350 7.549 .008**  .002 -.047 .121 .729 
ND .073 .270 4.245 .044*  .006 .075 .307 .582 
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Fig.1. Plot of actual average RT/Accuracy and predicted RT/Accuracy based on PS, 
PC, NW, ND for the simultaneous same-different task (Experiment 1). On the x-axis, (x, 
y) indicates the pair of “different” digits that was presented. For left to right, the pairs 
progress from (1, 2), (1, 3), (1, 4) … (1, 9), (2, 1), etc. Only PS was a significant 
predictor of RT/Accuracy in simultaneous multiple linear regression.   
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a = .537***, SE = .101 b = .612***, SE = .098 
 
 
 
 
Fig. 2. PS as a mediator between PC and the reaction time for the simultaneous same-
different task (Experiment 1). Path coefficients for mediation analysis on the reaction 
time. Note: Solid line denotes the total effect of PC on the reaction time when PS is 
included as a mediator. Dotted line denotes the direct effect of PC on the reaction time 
when PS is included as a mediator. Thus, the indirect effect of PC on the reaction time 
is 0.328(p < .001). a, b, c and c’ are unstandardized OLS regression coefficients. ***p 
< .001. 
c’ = .179, SE = .098 
 
PS 
PC 
 
The reaction time in the 
simultaneous same-
different task 
 
c = .508***, SE = .103 
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Fig. 3. Plot of actual average RT/Accuracy and predicted RT/Accuracy based on PS, 
PC, NW, ND for the sequential same-different task (Experiment 1). Only Ps predicted 
the reaction time. 
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Fig. 4. Plot of actual average RT/Accuracy and predicted RT/Accuracy based on PS, 
PC, NW, ND for the numerical comparison task (Experiment 2). Only NW was a 
significant predictor of RT/Accuracy in simultaneous multiple linear regression. 
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Fig. 5. NW as a mediator between PS and the reaction time in the numerical 
comparison task (Experiment 2). The meaning of a, b, c, c’ is similar to Fig. 2. In 
Experiment 2, the indirect effect of PS on the reaction time is significant (p = .003). ** 
p < .05. 
c = .307**, SE = .114 
 
a = .339**, SE = .112 b = .839**, SE = .068 
NW 
PS The reaction time in the 
numerical comparison task 
 c’ = .022, SE = .068 
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Fig. 6. Plot of actual average RT/Accuracy and predicted RT/Accuracy based on PS, 
PC, NW, ND for the physical comparison task (Experiment 3). PS and ND were 
significant predictors of accuracy in simultaneous multiple linear regression. 
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Fig. 7. Plot of actual average RT/Accuracy and predicted RT/Accuracy based on PS, 
PC, NW, ND for the priming task (Experiment 4). Both NW and ND significantly 
predicted the reaction time. 
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